Soil structure is an important physical property of soil and has a great impact on the environment and agriculture. Dry aggregate size distribution and related soil structure indices are essential parameters in understanding the structural state of the soil. This study was conducted to determine the effects of different soil types and land uses on structure parameters and to relate them to selected soil properties. The investigation was performed on five soil types (Arenosols, Fluvisols, Chernozems, Gleysols and Solonetz), each from three different locations and under three different land uses (cropland, meadow and forest), so that a total of 135 undisturbed soil samples were collected. Dry sieving analysis was performed to obtain eight aggregate size classes (ASCs) (>10, 10-5, 5-3, 3-2, 2-1, 1-0.5, 0.5-0.25 and <0.25mm). The results suggest a highly significant impact of soil type on all ASCs and structure indices. Land use has a highly significant impact on the >10, 5-3 and 3-2 mm ASCs. Chernozems and Gleysols have more favorable structure than Arenosols, Fluvisols and Solonetz. Long term cultivation leads to the deterioration of soil structure and the formation of clods. Forest soils have a significantly better structure than soils under meadows and croplands. The application of principal component analysis and regression models identifies water retention at -33 kPa, bulk density and pH value as for the most important factors in predicting dMWD and dGMD.
Introduction
Soil structure is a key factor in soil fertility and agricultural productivity and thus has great ecological importance. The influence of soil structure on crust formation, root penetration, soil water and air movement, CO 2 emission, erosion, nutrient retention and biological activity is well known. Soil structure, in turn, depends on the interaction of soil type, aggregating agents, soil management and environmental conditions (Tisdall and Oades, 1982; Oades and Waters, 1991; Bronick and Lal, 2005) .
Soil structure is usually expressed as the degree of aggregate stability in water. Numerous studies have been conducted on the effects of land use change on aggregate stability (Neufeldt et al., 1999; Hoyosa and Comerford, 2005; Williams and Petticrew, 2009 ), but notably less attention has been devoted to dry aggregate size distribution (dASD) and the factors affecting it.
Dry ASD is one of the major physical characteristics of soil, and it strongly affects soil fertility and its resistance to erosion and degradation. It is also considered to be an indicator of soil structure. The importance of dASD is most often linked to the susceptibility of soil to wind erosion, which is strongly influenced by the size of the soil aggregates, especially in arid and semiarid environments. Pachepsky and Rawls (2003) emphasize the potential of dASD in improving pedotransfer functions. It is certain that dASD acts as a valuable soil property for evaluating tillage research. Previous studies indicate that the influence of soil properties on dASD must be analyzed on the basis of management and soil type (Colazo and Buschiazzo, 2010) . One of the most common indices of dASD is dry mean weight diameter (dMWD) . High values of dMWD usually indicate high water permeability and air capacity but lower erodability of soil. In countries in Eastern Europe, the structural coefficient (Ks) is principally used to describe the structural status of soils (Shein et al., 2001; Smirnova et al., 2006) . This coefficient stresses the proportion of agronomically valuable fractions (10-0.25 mm) in relation to the proportion of >10 and <0.25 mm fractions. The content of agronomically valuable fractions is one of the main soil quality indicators and is particularly important because valuable fractions provide optimal porosity and water and air capacity of soil (Medvedev and Cybulko, 1995; Shein et al., 2001) .
Soil aggregation may also be expressed by dry geometric mean diameter (dGMD). As it is strongly related to the erodible fraction of soil, this indicator of structure can be used for predicting wind erodibility (Campbell, 1993) .
Although the dynamics of terrestrial ecosystems depend on natural cycles, they can be directly modified by human activities (e.g., land-use/cover change) (IPCC, 2000) . Land use change causes environmental changes that affect soil fertility. In most European countries, major land use changes occurred long ago.
All of these changing processes contribute to soil degradation, which has become a major environmental problem. In their natural states, forests, grasslands and meadows have good soil structure and are rich in soil organic carbon (SOC), but their conversion to arable land usually leads to deterioration of the structure and then rapid erosion (Six et al., 1998; DeGryze et al., 2004) . Soil structure usually deteriorates together with SOC. Structure deterioration has local, regional and global effects on economics, the quality of the environment and resource sustainability; moreover, it induces soil compaction and a decline in SOC (Lal, 1991) . Increasing the intensity of cultivation can reduce C-rich macroaggregates and increase C-depleted microaggregates, resulting in an overall loss of SOC (Six et al., 2000) . Although the fact that conventional ploughing causes damage to soil structure is well esta-blished (Pagliai et al., 2004) , there is insufficient data on this damage obtained by dry sieving, especially comparing different soil types simultaneously.
The objective of this study is to evaluate the effects of long term land use regimes and different soil types on dASD and indices of soil structure. We hypothesized that the structure of the soil is more favorable in the soils under forests and meadows than it is in croplands that have been exposed to long term intensive tillage.
Additionally, we expected soil type to have a strong effect on soil aggregation and structure indices.
Materials and methods

Site description
The present study was carried out in the Province of Vojvodina, which occupies the northernmost part of Serbia. Vojvodina covers an area of 2,150,600 ha and 
Soil sampling and preparation
We decided to conduct our investigation on the five most common soil types in the region: Arenosols, 3 cylinders was applied to take undisturbed soil samples, which were used for measuring bulk density. All other analyses were performed on disturbed soil samples, air dried and sieved through a 2 mm sieve (0.2 mm for SOC analysis).
Soil analysis and calculation
Dry ASD was determined by the standard dry-sieving method (Savinov, 1936) . Briefly, 500 g of air-dried, undisturbed sample is sieved through a nest of sieves ha- Using the weights of these ASCs, dMWD (mm) is calculated (Hillel, 2004): ( 1) where w i is the weight percentage of each ASC with respect to the total sample and x i is the mean diameter of each ASC (mm).
Dry GMD (mm) is calculated as (Hillel, 2004) : (2) where w i is the weight percentage of each ASC with respect to the total sample and x i is the mean diameter of each ASC (mm).
Aggregate size distribution, expressed as the structure coefficient (Ks), is calculated according to (Shein et al., 2001) :
where a represents the weight percentage of aggregates 0.25-10 mm and b represents the weight percentage of aggregates <0.25 mm and >10 mm.
The distribution of particle sizes was measured by sieving and using the pipette method, with sodium pyrophosphate as a dispersing agent. Soil water retention was measured at matric potentials of -33 and -1500 kPa using a porous plate and pressure membrane apparatus.
Soil pH values were measured potentiometrically in a 1:2 soil-water suspension. Content of CaCO 3 was determined gas-volumetrically using a Scheibler apparatus. Soil organic carbon concentration was measured by a dichromate wet oxidation method. (TS: Total sand; S: Silt; C: Clay; BD: Bulk density; TP: Total porosity).
Statistical analysis
The significance of treatments was determined using 
Results
Aggregate-size distribution
The ANOVA shows a highly significant (p<0.001) effect of soil type on every ASC (Table 2) . Land use and its interaction with soil type are highly significant at p<0.001 only for the >10, 5-3 and 3-2 mm aggregates. Aggregate size classes of 2-1, 1-0.5 and 0.5-0.25 mm are not affected by land use.
Solonetz soils have a significantly higher content of >10 mm aggregates than the other soil types and more than 55% >5 mm aggregates (Table 3) (ns: not significant; *: significant at p< 0.05; **:significant at p< 0.01.; ***:significant at p< 0.001).
The proportion of aggregates of >10 mm in the investigated soils decreases in the following order:
croplands > meadows > forests. It is significantly lower in forest soils than meadows and croplands.
Significantly fewer 3-2 mm aggregates are found in croplands. For the 5-3, 3-2 and <0.25 mm ASCs, the content of aggregates decreases in the following order: forests > meadows > croplands. The amount of desirable 5-3 and 3-2 mm aggregates was substantially higher in forests and meadows than in croplands. (Means between soil types in the same column followed by different letters are significantly different at p< 0.05 using Fischer's LSD; Means between land uses in the same column followed by different letters are significantly different at p< 0.05 using Fischer's LSD).
Structure indices
Both soil type and land use have highly significant (p<0.001) effects on dMWD (Table 4) , and their interaction was also significant (p<0.01).
There are no significant differences in the dMWD of Gleysols and Fluvisols (Table 5) . Solonetz have the highest dMWD, while Chernozems are significantly higher than Arenosols, which have the lowest values.
Land use affects the dMWD in a significantly different manner and values decrease in the following order: croplands > meadows > forests. Values of Ks increase in the following order: croplands < meadows < forests. There is a significant difference between forests and both meadows and croplands.
Correlation analysis
The investigated soil properties, the obtained ASCs and the structure indices were subjected to a correlation analysis, and the Pearson's correlation coefficients were determined (Table 6 ). The quantity of large macroaggregates >10 mm is highly correlated 
Principal component analysis
Ten soil properties were included in PCA to extract the smallest number of factors that can explain most of the total variation. Three factors extracted by PCA explained 82% of the total variance in the samples (Table 7). The first factor accounted for 54%, the second for 17% and the third for 11%. High loadings (>0.70) in the first factor group had silt, clay, total sand and water retention at -33 and -1500 kPa. The second factor had a high factor loading for bulk density and total porosity, while the third factor had high factor loading for CaCO 3 and pH value. Considering the fact that soil properties with the highest loadings within a single factor are highly correlated with each other, we chose the soil property with the highest loading from every single factor for multiple regression analysis. Thus we selected water retention at -33, bulk density and pH value as representative soil properties for predicting structure indices. (TS: Total sand; S: Silt; C: Clay; -33: Water retention at -33 kPa; -1500: Water retention at -1500 kPa; BD: Bulk density; TP: Total porosity. Marked loadings are > 0.70).
Multiple regression analysis
Using multiple regression analysis, we developed regression equations for predicting both dMWD and dGMD. The equation to predict dMWD is highly significant at p< 0.001 with a coefficient of determination R 2 = 0.55. 
Discussion
Soil type and soil structure
The relationship between soil aggregation and soil type is complex. Soil structure results from the mutual impact of several factors. Soil type does not directly affect soil structure, but the intrinsic combinations of soil properties that define soil type strongly influence its aggregation and therefore the soil structure. Dry ASD depends not only on the cultivation method but also on soil properties (Kemper and Rosenau, 1986) .
We observed each soil type as the result of specific soil properties which affect the soil structure.
The highly significant (p<0.001) effects of soil type on all ASCs and the structure indices (dMWD, dGMD and Ks) suggest their crucial influence on dASD. All recorded dGMD values are very similar and highly correlated to dMWD (r = 0.96).
Solonetz have the most soil in the >5 mm ASCs and, logically, the highest dMWD (9.60 mm) and dGMD (2.04 mm). As a result of the high clay and sodium contents in these soils, current processes such as peptization, swelling and shrinkage lead to the formation of large aggregates. Clay has a great influence on dASD, acting as a cementation substance. Clay content is the most important inherent property of soil that influences the fractal parameter D (Perfect et al., 1993) . We found a highly significant correlation (p<0.001) between clay and dMWD (r = 0.64) and clay and dGMD (r = 0.73). Solonetz have poorer structure (Ks = 3.27) than Chernozems and Gleysols.
The lowest We found that Chernozems have a dMWD of 4.91 mm. Yang and Wander (1998) found that dMWD ranged from 7.11 to 8.82 mm in Illinois Mollisol exposed to different tillage treatments. Vojvodinian Chernozem is considered to be a well-structured soil (Ćirić, 2008) . Additionally, we found in this soil the highest content ( 
Land use and soil structure
The conversion of natural ecosystems to cultivated ones has often resulted in a decrease in soil quality.
We established that land use highly affects only the >10, 5-3 and 3-2 mm ASCs. According to our results, more pronounced negative effects of cultivation are found in macro ASCs (>0.25 mm). Tisdall and Oades (1980) and Gupta and Germida (1988) In contrast to dMWD, dGMD values do not exhibit significant differences between meadow (1.59 mm) and forest (1.50 mm), but cropland has a significantly higher value (1.72 mm). The best soil structure is found in forests (Ks = 5.36), with poorer structure in meadows and croplands (Ks = 4.18 and Ks = 3.51), a result that confirms those of Tobiašová (2011) .
Forests also have more agronomically valuable aggregates. The favorable structure of forest soils is a consequence of an increased organic matter and the lack of damage from agricultural mechanization present in croplands. We can emphasize that continuous long term tillage induces higher values of undesirable aggregates (clods) and dMWD. This finding suggests that the conversion of native forest and meadow vegetation to long term cropped soil leads to the deterioration of soil structure.
Multivariate and regression analysis
The PCA is successfully used to group soil properties into three independent factors that explain 82% of the cumulative sample variance. Jagadamma et al., (2008) also used a combination of PCA-derived soil properties and multiple regression analysis for predicting corn yield. The equations we developed are highly significant for predicting dMWD and dGMD.
We obtained water retention at -33, bulk density and pH value as defining variables for dMWD and dGMD. This finding might result from the higher correlation between Ks and SOC than between Ks and the properties extracted by PCA.
Conclusions
Dry aggregate size distribution and soil structure indices (dMWD, dGMD and Ks) depend on soil type and land use in a semiarid environment. Highly significant regression equations for predicting both dMWD and dGMD are developed. It is concluded that multiple regression analysis in combination with PCA can be applied to assess the dMWD and dGMD.
